a Background Fecal immunochemical tests (FITs) are recommended to screen average-risk adults for colorectal cancer (CRC). Little research has examined whether a two-sample FIT affects participant uptake, compared with a one-sample FIT. Examining participant uptake is important, as evidence suggests that a two-sample FIT may increase the sensitivity to detect CRC.
Introduction
Colorectal cancer (CRC) is the third most common cancer in the world, with nearly 1.4 million new cases diagnosed in 2012 and with expected growth to an annual incidence of more than 2.4 million cases by 2035. Moreover, ∼ 700 000 deaths are attributed to CRC each year worldwide (Ferlay et al., 2013) .
The early detection of advanced neoplasia or CRC through appropriate screening is associated with decreased incidence of and mortality from CRC (Hewitson et al., 2008; Atkin et al., 2010; Doubeni et al., 2013; Nishihara et al., 2013) . Advanced neoplasia is defined as high-risk lesions that have a high likelihood of becoming cancerous (Lieberman et al., 2007) . In 2008, the United States Preventive Services Task Force recommended that men and women of average risk begin screening for CRC at the age 50 years Whitlock et al., 2008) through fecal testing, colonoscopy, or sigmoidoscopy. In 2010, a large multidisciplinary group supported by the European Commission and the WHO recommended fecal testing and sigmoidoscopy as primary methods of screening in Europe (Von Karsa et al., 2013) . Fecal testing and sigmoidoscopy are the primary screening modalities in most European countries (Zavoral et al., 2009; Riemann, 2011) , with some countries (Poland, Austria, Germany) favoring colonoscopy for screening average-risk participants.
Randomized controlled trials have shown that annual or biennial guaiac-based fecal blood testing (gFOBT) is associated with a 15-33% reduction in CRC mortality (Mandel et al., 1993; Hewitson et al., 2008) . Multiple European and US professional societies have endorsed the use of the fecal immunochemical test (FIT) to replace gFOBT because of FIT's improved performance characteristics and potential for higher participant uptake rates Whitlock et al., 2008) . gFOBT detects only about 13-50% of cancers over one round of screening in asymptomatic patients (Lieberman and Weiss, 2001; Imperiale et al., 2004; Park et al., 2010) , whereas FIT detects ∼ 79% of cancers over one round of screening (Lee et al., 2014) . In addition, adherence to repeated rounds of gFOBT testing in real-world screening programs is often low (partly because of requisite dietary and medication changes), raising concerns about its effectiveness as a screening test (Fenton et al., 2010; Gellad et al., 2011) . Many FITs require only one or two stool samples, and none require dietary or medication restrictions, increasing the ease of use; several studies have demonstrated a 6-16% increase in one-time completion of FIT by participants, compared with gFOBT (Cole et al., 2003; Federici et al., 2005; Van Rossum et al., 2008; Hol et al., 2009; Hoffman et al., 2010; Digby et al., 2013) . The improved accuracy and participant uptake of FIT in comparison with gFOBT have led several health organizations to adopt FIT in centralized screening outreach programs (Denters et al., 2009; Parente et al., 2009; Liles et al., 2012; Australian Government Department of Health and Aging, 2013; Cole et al., 2013) .
Efforts to optimize the use of FIT focus on improving diagnostic sensitivity without detrimentally affecting test completion. Two studies on FIT screening accuracy (Nakama et al., 1999; Park et al., 2010) have indicated that increasing the number of fecal samples tested from one to two, or from two to three, increases the sensitivity, albeit with a decrease in specificity. Prior small or nonrandomized studies specifically focusing on gFOBT and FIT uptake have indicated that uptake for a two-sample test is either similar to or lower than that for a one-sample test (Cole et al., 2003; Mysliwiec et al., 2008) , and that it declines further with an increase from a two-sample to a three-sample test. Factors affecting participant uptake are important both for determining population-level test effectiveness and for tailoring screening outreach efforts.
The objectives of this study, therefore, were to: (i) rigorously evaluate participant uptake of FIT testing in a population that received either a one-sample FIT kit (1-FIT) or a two-sample FIT kit (2-FIT) and (ii) understand how participant uptake of FIT screening (1-FIT vs. 2-FIT) may vary by age, sex, and receipt of prior CRC screening.
Methods
The protocol for this study was approved by the Institutional Review Board of the study Health Maintenance Organization (HMO). The need for individually signed consent forms was waived.
Study setting and data sources
The study was conducted at Kaiser Permanente Northwest, a nonprofit HMO with about 485 000 members in southwest Washington and the Portland, Oregon, metropolitan area. The demographic characteristics (age, sex, race/ethnicity) of the members are similar to those of the population in the area. Kaiser Permanente Northwest regional electronic databases provided data on patient membership, demographics, primary-care assignment, and clinical data (including weight and height, laboratory results, and other healthcare utilization, such as CRC screening). These data capture more than 95% of all medical and pharmacy services that members receive, and data are linked through each member's health record number.
Participant selection
We included HMO members aged between 50 and 75 years who were at an average risk for CRC and were overdue for screening, and who (i) received an automated telephone call (ATC) as part of a CRC screening outreach campaign and (ii) requested that an FIT kit be sent directly to their home (through mail) at the end of the automated call. The specific details of the automated call, including the definition of 'average risk', have been described previously (Mosen et al., 2010) . Briefly, the average-risk population includes those who are overdue for screening and do not meet any of the following criteria: (i) have risk factors that would indicate need for nonroutine screening (e.g. presence of inflammatory bowel disease), (ii) have been diagnosed with adenomatous polyps or CRC, (iii) have been referred for colonoscopy or sigmoidoscopy in the previous 3 months, (iv) have received clopidogrel, warfarin, or other anticoagulant medications in the previous 4 months, which may increase the risk for false-positive results on FIT, or (v) have a condition that would make screening inappropriate (e.g. end-stage renal disease, receipt of current hospice care). The brief ATCs included information about the benefits of CRC screening, encouraged the use of FIT as a relatively low-risk method of screening, and allowed patients to request an FIT kit by pressing a number on their telephone (Mosen et al., 2010) .
Fecal sampling and fecal immunochemical test analysis
For this study, we used the OC-Micro (Polymedco, Cortland Manor, New York, USA), a latex agglutination FIT with analytical characteristics similar to the discontinued OC-Hemodia. The OC-Auto Micro 80 instrument processed and quantified the FIT results at the manufacturer-recommended concentration cutoff value of 100 ng hemoglobin (Hb)/1 ml of buffer (20 μgHb/g feces) for a positive test result. Invitees received illustrated, English-language instructions on sampling feces from one bowel movement by briefly sweeping the tip of a probe several times though the feces, while the feces was suspended on a paper 'raft' (provided) that kept the feces clear of toilet water. After sampling, they were to insert the probe into the collection tube, enter the date of collection on the side of the tube, place the tube in a plastic bag, and insert the bag in a prestamped Two-sample FIT decreases uptake Liles et al. 517 cardstock envelope that was preaddressed to a central laboratory. Participants also had the option of bringing the completed kit with them to a local laboratory at their own clinic site, although this was not expressly outlined in the instructions. Participants in the 2-FIT group had the same instructions, except for an additional line in the instructions advising them to go through the collection process twice and send both kits in one envelope. No dietary or medication restrictions were recommended.
Study design and randomization Figure 1 shows the process flow for population selection and randomization. A total of 3971 members received an ATC and requested an FIT between 29 August 2012 and 27 February 2013. Of these 3971 members, we excluded 850; 94% of these members were excluded because they lacked continuous health plan membership in the year before enrollment.
Of the 3121 members eligible for randomization, 1559 were assigned to the 1-FIT group (receiving one FIT kit), whereas 1562 were assigned to the 2-FIT group (receiving two FIT kits). We stratified randomization by age, sex, and history of prior screening. After randomization, but before mailing, 19 members in the 1-FIT group and 20 members in the 2-FIT group were excluded because of an incorrect address. An additional member in 2-FIT group was excluded because of being randomized twice (total excluded = 21). Of the remaining population, we mailed FIT kits to the homes of 1540 members of the 1-FIT group and 1541 members of the 2-FIT group.
Study variables
The primary outcome measure was completion of the FIT within 180 days of the index date (mailing date). FIT completion was defined as completion and return of a one-sample test (1-FIT group) or both sample tests (2-FIT group).
The primary independent variable was FIT group (1-FIT vs. 2-FIT). Other explanatory variables included age (< 60 and > 60 years), sex, and prior screening status (whether the patient had been previously screened by any method). Age was assessed at the index date, before randomization. Prior screening status was assessed through automated extraction from the electronic medical record (EMR) of information on any previously completed CRC screening test (colonoscopy, flexible sigmoidoscopy, or fecal testing), before randomization. Prior screening was assessed for the following time intervals before the index date: colonoscopy, 10 years; sigmoidoscopy, 5 years; and FIT, 1 year.
For descriptive purposes, we compared the 1-FIT and 2-FIT groups in terms of race or ethnicity (White, nonWhite, unknown), family history of CRC, Charlson Comorbidity Index (CCI; Charlson et al., 1987; Deyo et al., 1992 ; a score of 0, 1, 2 + ), BMI (kg/m 2 ; < 30, > 30, and unknown), and a proxy measure for low socioeconomic status (SES; yes, no). Race/ethnicity was available through automated extraction from the EMR (White, non-White, and unknown). We ascertained a family history of CRC using two separate methods: we searched for the presence of a diagnosis code as far back as membership existed for International Classification of Diseases -9th Edition, Clinical Modification code: V16.0, or for a family history of malignant neoplasm of the gastrointestinal tract. We also asked the patients to return the survey enclosed with the FIT kit(s) they received, which asked about a family history of CRC in any relative.
The CCI is a well-established measure for assessing comorbidity; we extracted all relevant diagnosis codes to inform this index from the EMR, drawing on the prior year of inpatient and outpatient visits and from the permanent problem list. We assessed SES through census block (demographic data are available through the EMR). Low SES was defined as either: (i) more than 20% of the individual's census block with less than a 12th-grade education, or (ii) more than 20% of the individual's census block below the federal family poverty level (Kuntz et al., 2012) .
Statistical analysis
First, we used χ 2 -tests to compare the 1-FIT and 2-FIT groups for variables that had not been considered in the stratified randomization, namely, family history of CRC, CCI, race/ethnicity, SES, and BMI.
We used Cox proportional hazard regression models for the primary analysis of time before return of the FIT kit (s), in days, during the 6-month follow-up period. FIT group (1-FIT vs. 2-FIT) was the primary independent variable. In addition, we examined whether test uptake differed on the basis of age, sex, and prior CRC screening by testing interaction terms with group assignment (1-FIT or 2-FIT group). Results Table 1 presents the baseline characteristics of the 1-FIT and 2-FIT groups. We found no statistically significant differences between the two groups for any of the baseline characteristics. Slightly more than 40% of the participants were 60 years or older. Nearly 60% were women, and more than 80% were White. About 20% in each group had received some prior CRC screening, whereas less than 5% had a family history of CRC, as determined by self-report or EMR. Indicative of a population with low severity of illness, about 65% of the participants in both groups had a CCI score of 0. Finally, more than 40% of the population in both groups were categorized as obese, and about 20% were of low SES.
Six months after FIT mailing, 43.3% of the 1-FIT group had completed and returned the 1-FIT kit compared with 39.6% (P = 0.012) of the 2-FIT group (Table 2) . Figure 2 shows the unadjusted time to completion of the FIT kits for both groups, measured in days. In both groups, more kits were completed during the first 30-45 days after mailing, with more 1-FIT kits being completed and returned during the initial period. However, from 46 days until the end of the observation period, the two study group lines remained parallel, suggesting no additional gain with time in patient adherence for the 1-FIT group compared with the 2-FIT group. Age and receipt of prior CRC screening were also significantly associated with completion of FIT. Adults aged 60 years or older (vs. < 60 years) were found to be more likely to complete the FIT on unadjusted (HR = 1.40; 95% CI = 1.26-1.57; P < 0.001) and adjusted (HR = 1.31; 95% CI = 1.17-1.47; P < 0.001) analyses. Finally, those who had received prior CRC screening (vs. nonreceipt of screening) were found to be more likely to complete the FIT on both unadjusted (HR = 1.89; 95% CI = 1.68-2.14; P < 0.001) and adjusted analyses (HR = 1.82; 95% CI = 1.61-2.06; P < 0.001).
Discussion
This randomized controlled trial found that a two-sample FIT regimen resulted in a relative reduction in test completion (13%; absolute reduction, 3.7%) at 6 months after FIT mailing, compared with the one-sample FIT regimen, in a population of adults aged between 50 and 75 years at an average risk for CRC. We found this difference in test completion rates even after adjusting for age, sex, and prior screening. Older age and receipt of prior CRC screening were associated with FIT completion in both groups, a finding consistent with previous research (Mosen et al., 2010) . However, there was no interaction between adherence and age, sex, or receipt of prior screening; lower adherence in the 2-FIT group was consistent across these subgroups. Colonoscopy within 10 years, sigmoidoscopy within 5 years, FIT/gFOBT within 1 year. c Self-report, any family member.
d From EMR, ICD-9: V16.0 ever in patient history. e From inpatient and outpatient diagnosis codes within 12 months and problem list. f Twenty percent below poverty line or 20% with less than high-school education. FIT completion is defined as completion and return of a one-sample test by patients in the 1-FIT group or of both sample tests by those in the 2-FIT group. b Differences in cumulative FIT completion rates between 1-FIT and 2-FIT groups, assessed using a log-rank test. The current study design was able to isolate the effect of requiring a second fecal sample on uptake of a mailed FIT screening program. A previous small randomized adherence trial (Cole et al., 2003) comparing participant uptake among three groups, two-sample FIT, threesample FIT, and three-sample gFOBT, used two different FITs with unique packaging and sampling techniques. They found increased uptake of the two-sample FIT (39.6%) as compared with the three-sample FIT (23.4%), but it was unclear how the differences in test instructions and sampling techniques among brands may have affected completion. A prior nonrandomized study of mailed FITs by Mysliwiec et al. (2008) that found little difference in test completion between the 1-FIT and 2-FIT groups (1-FIT = 43.5%, 2-FIT = 42%) had also compared two separate brands of FIT.
Our findings indicate that there is a 3.7% absolute decrease in uptake of the OC-Micro FIT when a second sample is required. This difference may be offset by the added sensitivity afforded by the second sample. A prior study (N = 770) on OC-Micro in an asymptomatic population found a 14-15% increase in the sensitivity for CRC detection with the addition of a second sample (Park et al., 2010) . A prior study on OC-Micro in a high-risk (symptomatic) population found an 8-14% increase in the sensitivity for detection of advanced adenomas with the addition of a second sample (Rozen et al., 2009 Although we found a statistically significant difference in test completion rates between one-sample FIT and twosample FIT, the 3.7% absolute difference could potentially be offset by investment of system resources to increase participant test completion. Our study did not utilize reminder calls or letters after the initial automated phone call to prompt participants to complete the FIT that they had received. Prior studies have demonstrated that repeated use of automated phone calls (Mosen et al., 2010; Hendren et al., 2014) and tailored navigation (Myers et al., 2007 (Myers et al., , 2008 Green et al., 2013) increase completion rates in CRC screening, with tailored navigation producing the highest completion rates (Myers et al., 2007 (Myers et al., , 2008 Green et al., 2013) . In addition, although we did find lower participant uptake in the 2-FIT group, 2.2% (n =34) of the 2-FIT group completed one of the two sampling procedures in the FIT kit, suggesting an interest in test completion. If this population had completed both FIT sampling procedures, the differences in participant uptake between the 1-FIT and 2-FIT groups would have been reduced (43.3 vs. 41.8%). Further outreach and education efforts (e.g. tailored navigation) may reduce differences in 1-FIT and 2-FIT uptake. Further research (including that underway by the authors) will better illuminate the relative effects of sample number and cutoff concentration of hemoglobin on the effectiveness (and cost-effectiveness) of this and similar FITs. Cost-effectiveness research is important as only a few rigorous studies have been completed (Goede et al., 2013) . This study has several limitations. First, the findings may not be generalizable beyond a group-model HMO setting. However, notwithstanding this limitation, study results are likely applicable to other delivery systems, given that the mailing of FIT kits is a simple direct-toparticipant intervention. Second, the study included few racial or ethnic minorities, limiting our ability to determine whether the main study findings would be similar in more diverse populations.
Conclusion
This randomized controlled trial found slightly lower completion rates of FIT among those assigned twosample FIT kits, compared with those assigned onesample FIT kits, after adjusting for age, sex, and receipt of prior CRC screening. Indicative of a nonsignificant interaction effect, lower participant uptake in the 2-FIT group did not vary by age, sex, or receipt of prior CRC screening.
